Advanced Integration of Multi-Scale Mechanics and Welding
Process Simulation in Weld Integrity Assessment

Y. Wang, W. Cheng, M. Liu, S. Babu?, D. Parks?, and S. Hao?
Engineering Mechanics Corporation of Columbus, Columbus, OH
10ak Ridge National Laboratory, Oak Ridge, TN
?Massachusetts Institute of Technology, Cambridge, MA
3Northwestern University, Evanston, IL

Project Incentives

* The comples thermal cycles from welding usually produce s weld jaint with
and material different from those of the parent

metal, and hence may wot be optimum for the intended spplication,

The thermal excles also result in the build-up of residual stresses in the

weldment. Furthermore, all welds contain some degree of imperfections.

The reliable performance of these webd Joints in various service environments

can be the limiting factor for the safe operation and the service life of many

industrial components.

Accurate performance and reliability assessment of welded structures has

been o major technical challenge.

Wekling process simulstion has been under development In the 1,5, and

Furape. However, the practical application of this technology in the 1.5,

enerzy industry s limited,

To u large extent, the Eurvgean countries have taken o bead in developing

both deterministic and probabilistic webd integrity procedures in the last two

decades.

Developing aceurate and reliable weld integrity asse s

Energy infrastructures and their welds have to
surwve very severe loads

Incorrect webding procedure desimn and
can aflect

egrity.
Unreliable encry infrastructures can have
negative impact on enengy comservation and

eritieal to all indusrics where welding B u ey fabrieation technology, Today
in the 1.5, over 0% of the gross national products are associated with the
production of welded products.

Project Concepts and Objectives

* The proposed approach is moth

Damaqf Mechanics

A by
macro-scale response of 8 heterogencous weld is intrinsically l‘t‘llll‘d tl. s
mieri-seale features,
Thhe goal of the project is 10 develop advanced integrated weld interity-
by eture mechankes and damage

mrflunlmllu»tltllng with the latest weliling process modeling mlmlqun.
This will then be i a sulte of
that offer reliability-based weld integrity assessment |1r--(\1lum for mldnl
Jolnts and structures.
e initial focus of the implementation will be on enerzy pipeline industries
he following reasons:
* The steeks used in the energy pipelines represent the lafest and mesthy highly

engineervd steel prodiscts produced by some of the most advanced steel making
techmology
The welding processes in the construction of The energy pipelines seflect some of
ihe ot advanced welding technologhes, applied in large scabe and under diicull
Tiebd emviranment,

The completed webd jodnts in energy pipeline are expected (o survive under sorse
af the st severe loading comlitians. This serviee conditian preseats the greatest
chalbenge i weld infegrity assessmest.
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Weld metal microstructure algorithm to be
developed based on published works at ORNL

= Sequence of microstructure evolutions
(shown in fgure) during weld cooling
that need to be modeled are as
Tealbow g,

* Onide/Inclusion formation

* Solidification

* Solid-State Transformations
Inchusion formation will be described
based on sequential oxidation based on
nucleation and growth criteria,
Solidification will be described based on
dendrite growth theorbes.
Saolid-state transformation will be

deseribed based on parscquilibrivm
transfrmation.

Reliability-Based assessment provide guantitative
ranking of failure probabilities

The natural distributions of muterial propertics, sach s foaghness, are fully
sccounted for in reliahifity based assessment. ¥a need (o sssume conservative valises
fr all input variables

The decisians are made hased oa the reliability of the structures being assessed
it the farger reliability.
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Weld infegrity assessment procedures are
needed to predict the weld behavior under
vartety of laiding condithns.

Overview of the Research Approach
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* Models are to be integrated with the process model and structural
miodel framework

Industrial Partners

Fipeline Research Counil Intermational (PROT) representing the
Follawing {sebected) companies:

* Be

* ChevronTevace

* Colenial Pipeline Company

* Columbia Gas

Dominion Transmission

0 Coeporation
Enbridge Piprdines

Fxaon Mobil Corporathn
Gulf South Pipeline Company
Panhandle Fnergy Company
Shell
Southern
TransCanm

ifarnia Gas Campamy

Willimnes
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Improved welding technology and weld Jnregnrty
ﬁ'redlctlans are rnieeded to ensure energy supply a

\!
* Key energy infrastructures are being planned and

* New welding technology allows the

e minimum cost to the environment. -

at sensitive arcas

ultrahigh stremgth steels, thus reduc .gn..- seel
comsumption and the associated energy usage in
steel prisiuction.

Improved weld integrity assessment allows high
integrity welds at the mindnum cost of encrgy and
environmental footprint.

Mil of the Proposed Research Approach

* Develop urllln: pro<ess llI»df"llgIl“hﬂh‘ulc\ that are capa hlr of pmlklillL
the weld s from the !
welding process {wnlllwn
= mmesdel for wobd metal thermodymamic prodictions
* microstructure-prediction algorithms for weld nsctalks
* wrld mmetal toughoess-prodiction models
Develop d weld integrity as hoduloy by
neorparathing the ressilts of the welling process madcling, micromechanics,
and the latest fracture mechandes and damage mechanics analysks.
* test method for measurememt of materiak resistance to failure under both elastic
and plastic conditins
* multi-scabe mechanics spproach for description of crack driving force relations
Fisr fow and high applicd strain conditions.
Expand the deterministic procedure to a relkabilivy-hased weld integriny
assessmment methodology that takes into sceount the natural varation of
matertal properthes in the welds,

MIT: Novel developments in

Spoctmen design and data interpretation  «
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Hot-tap webding in wtilisrd to expasd
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ot Lapping #fTirs skgnificant
sconamic and seviroanstal
Moeefils by anoiding the sbatdown of
e piprlines and the rebease of the
assntrnts ti et b gbers.
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sk o8 hurn-ihreszh snd hydroges
racking.

Pipeline
Liomietry “omputational
“',L'::‘_'_ Tieat Tramfer,
b v licrantructure
& Hardness
Welding Madels
Precedure

Optimization
Tood

Benefits

*  The computational tond developed in this project allows the ond users b
Detter define the welding process conditions that will result in reduced
defiects, reduced costs, and energy savings in the fabrication of various
components including pipelines.

Better definition of process comdithons will also Gacflitate the replacement of
bow strength steels with high strength stecls that may be otherwise difficull
o weld, resulting in welzht, energy, and cost savings,

Temperatures and times of pre-amd post-weld heat treatments can be
optimized resulting in encrgy and consequential cost savings.

This advancesd assessment methodology wil lead to safer amd more

of existing and sound and
operating practices of new infrastructures in the industries where welding i
 key fubrication technology.

The encrgy savings are reablzed through: (1) using less tonnage of steels for
the same desizn and operating conditions, (2) reduction in the amount of
wielding through the use of high strength steels, (3) reduction in repaie
welding, and (4) reduction in unnecessary post weld heat reatments.




